1. Introduction {#s0005}
===============

Toxoplasmosis is a zoonosis distributed worldwide that occurs in several warm-blooded species including humans and is caused by *Toxoplasma gondii.* The clinical presentation is mild in healthy adults, however when it comes to children or immunocompromised patients the disease can cause blindness, mental retardation (congenital infection) or even death ([@bb0165]; [@bb0080]). Almost one third of the world population is supposed to have been exposed to this parasite ([@bb0105]). A study reported prevalence values ranging from 50% to 80% of humans infected in South and Central America, respectively ([@bb0075]).

Felines are the definitive hosts producing oocysts which are eliminated in feces. Depending on environmental temperature and other conditions, those oocysts might turn into spores and contaminate water, pasture and vegetables. All other mammals such as humans, pigs, ewes, goats and cattle are intermediate hosts and transmit toxoplasmosis through congenital infection or when preyed and the parasite\'s cysts in the muscles are ingested by carnivores ([@bb0180]).

The main risk factors associated with toxoplasmosis in humans are the consumption of raw/undercooked meat of infected animals, ingestion of greens and water contaminated with oocysts, or even, the accidental ingestion of free oocysts in the environment ([@bb0080]; [@bb0055]). Pigs are an important infection source for humans and the first report of toxoplasmosis in Brazilian pig herds was done by Silva ([@bb0155]), who reported the histological diagnosis of a disease\'s case in the state of Minas Gerais.

The presence of domestic felines in swine rearing farms is highly frequent in Brazil; in addition, several papers have been reporting high prevalence values in swine herds of extensive and intensive rearing systems ([@bb0060]). In Brazil, the consumption of artisanal meat products is very common, being an important transmission route of toxoplasmosis for consumers and even for the manufacturers ([@bb0170]). This data is concerning since the cysts of *T. gondii* remain infective in swine muscles for long periods and are not detected during inspection of carcasses ([@bb0050]; [@bb0095]).

The Indirect Immunofluorescence Assay (IFA) and the Modified Agglutination Test (MAT) are serological tests based on the recognition of parasite\'s surface antigens and used for toxoplasmosis diagnostic ([@bb0160]; [@bb0120]). Serological tests are very used in toxoplasmosis epidemiological investigations to estimate regional and herd level prevalence ([@bb0070]).

It is a well-known fact that swine from non-technified farms are reared and slaughtered under poor health conditions. Considering that the meat from those animals are illegally sold and consumed allied with the impact toxoplasmosis causes in public health as a foodborne pathogen (including pork), this study focused on assessing the prevalence of the disease, identifying risk factors for such herds and comparing two toxoplasmosis diagnostic tests.

2. Material and methods {#s0010}
=======================

2.1. Sample\'s eligibility criteria, design and collection {#s0015}
----------------------------------------------------------

Only herds with \<150 animals were included in the sampling. All sampled farms had to have low adoption of techniques in production, low scale production being mostly for subsistence or locally sold. The animals had to be reared extensively most of the times in the dirt and with interspecies interaction. The sampling sites were in the vast majority small family owned farms from peasant\'s settlement in the northeastern region of the São Paulo state, Brazil.

In order to establish a representative sample size**,** the following equation was used:$$n = \frac{z^{2} \cdot p \cdot q}{d^{2}}$$

In which: n = sample size, Z = normal standard deviation, p = disease\'s expected prevalence, q = 1 -- p; and d = maximum admitted error value. The pig population in this region was 4100 animals ([@bb0145]), the expected disease\'s prevalence of 1%, based on a 0.8% prevalence value found in a previous study performed in the state of São Paulo ([@bb0025]) and a maximum admitted error value of 2.5%. The obtained value (n) was corrected (nc) to the population size using the equation:$$\mathit{Na} = \frac{N \times n}{N + n}$$

As a result, in order to have a sample size representative of the regional population, at least 246 blood samples had to be collected. In total, a set of 356 swine serum samples of 46 extensive rearing farms in the region of Jaboticabal municipality were collected. The samples were from animals of both sexes, all age groups and breeds. The selection of the sampled unit was by voluntary acceptance of the farmer (convenience sample). The number of animals sampled in the herd was approximately 10% of the total and the animals were randomly chosen.

2.2. Risk factor questionnaire {#s0020}
------------------------------

In order to obtain specific epidemiological data of the herds, an epidemiological questionnaire was applied in each sampled farm. The questions were all related to the main risk factors associated with the presence of toxoplasmosis in swine herds, such as: presence of cats, presence of rats in the farm, presence of sewage system, direction of rainwater flow, use of treated water, presence of food garden in the farm and occurrence of reproductive disorders in sows (abortion, and stillborns). Unfortunately, in six of them epidemiological information was not given by the owners. Consequently, the risk factor analysis was performed using data of only 37 herds.

2.3. Diagnostic tests {#s0025}
---------------------

In the laboratory, the blood samples were centrifuged at 1500 rpm for 10 min. A 1.5 ml aliquot of the serum was separated and placed in Eppendorf® plastic microtubes that had identification with sample and farm number and were kept at −20 °C freezers until use.

Even though the gold standard technique for diagnosing toxoplasmosis is the "Dye Test" ([@bb0120]), the MAT has been widely used in researches with swine samples presenting high specificity and sensitivity ([@bb0060]). This is why this research considered the MAT as the reference test in the diagnosis of toxoplasmosis in swine. The MAT antigen production was performed according to Desmonts & Remington ([@bb0045]), using the RH strain genotype type I ([@bb0130]).

The swine serum samples were diluted in flat bottom microplates, adding 150 μl of SST 0.01 M pH 7.2 in all cavities. In the first column, it was added 10 μl serum (dilution of 1:16) and afterwards homogenized. In the following step, 50 μl was transferred to the next cavity, resulting in the 1:64 dilution. This process was repeated until a dilution of 1:4096 was obtained. Afterwards, 25 μl of each serum dilution was transferred to another V shaped bottom microplate and added 25 μl of 2-mercaptoetanol 0.2 M, diluted in SST 0.01 M pH 7.2, and 50 μl of the antigen diluted in a 8.7 pH borate buffer solution. Finally, all plaques were sealed with plastic film, homogenized by 1 min and incubated at room temperature overnight. The positive samples were those which formed a thin membrane covering at least half of the bottom of the cavity and in a dilution higher than 1:64 \[13 OIE 2008\]. Negatives were those in which there was no membrane formation in the bottom of the cavity.

The IFA was performed according to Camargo ([@bb0020]), using commercial anti-swine IgG for the detection of anti-toxoplasma antibodies. The serum was diluted in SST 0.01 M pH 7.2, starting a two-fold serial dilution at 1:16. The final antibody titer was the highest dilution in which complete fluorescence was noted in at least 50% of tachyzoites. The cutoff point used in the test was 64 UI ([@bb0120]).

2.4. Data analysis {#s0030}
------------------

To detect association between the variables and the presence of the disease the Fisher\'s exact test ([@bb0150]) was performed using a 95% confidence interval. The kappa coefficient was calculated to estimate the agreement between IFA and MAT results. For all prevalence values 95% confidence interval was calculated using Wilson\'s method ([@bb0185]).

3. Results {#s0035}
==========

Out of the 356 tested serum samples, 25 (7.02%; CI 95% 4.37%--9.67%) had positive serological reaction in the MAT. The titers frequencies observed were 64 UI in 64% (CI 95% 45.18%--82.81%) of positive samples, 256 UI in 16% (CI 95% 1.63%--30.37%), and 1024 UI in 20% (CI 95% 4.32%--36.68%). According to the 95% CI, the 64 IU titer was significantly more frequent than the others were.

Regarding to the IFA results, 48 (13.48%; CI 95% 9.93%--17.03%) animals were positive. The titers observed were 64 UI in 75% (CI 95% 62.75%--87.25%) of animals, 256 UI in 18.75% (CI 95% 7.71%--29.79%) and 1024 UI in 6.25% (CI 95% 2.15%--16.84%) of the samples. According to the 95%CI the frequency of the 64 IU titer was significantly higher than the others. Out of the 331 negative samples in the MAT, 303 were also negative in the IFA, and out of the 25 positive samples at MAT, 20 were positive as well when tested by the IFA ([Table 1](#t0005){ref-type="table"}). Regarding to the agreement between both tests, the kappa coefficient was 0.5, showing a moderate agreement.Table 1Comparison among serological results of the Modified Agglutination Test (MAT) and the Indirect Immunofluorescence Assay in swine serum samples.Table 1IFAMATTotalPositiveNegativeN%N%N%Positive205,61287,864813,48Negative51,430385,1130886,51\>Total257,0233192,98356100[^1]

Furthermore, a significant association was found between the presence of toxoplasmosis and the presence of food garden in the farm (*p* = 0.010) and using non-treated water in the food garden (*p* = 0.004) ([Table 2](#t0010){ref-type="table"}).Table 2Association between the occurrences of toxoplasmosis and possible risk factors in the sampled farms using the MAT as the diagnostic test according to the Fisher\'s Exact Test.Table 2VariablesNPositive herds N (%)*p* valuePresence of other animal species328(21.62)0.27Dogs338 (21.62)0.35Cats237 (18.92)0.08Cattle194 (10.81)0.30Horses183(8.11)0.24Others63 (15.00)0.18Presence of rats266 (16.22)0.32Feed Storage Direct contact with the floor166 (16.67)0.03 Open bags144 (11.11)0.12Absence of sewage system500.27Direct contact with Rainwater flow265 (13.51)0.28Use of treated water for animals1000.05Use of commercial feed for the animals121 (2.70)0.14Use of raw vegetables in the swine feed276 (16.22)0.34Use of other animal viscera in the swine feed121 (2.70)0.14Presence of food garden in the farm177 (18.92)0.01Use of non-treated water to water the food garden1615 (34.88)0.004Direct contact between cats and the pigs207 (18.92)0.02Direct contact of cats with the pigs food207 (18.92)0.02Dog/cats usually eat the pigs placenta31 (2.70)0.20Reproductive disorder in sows102 (5.41)0.34Uses natural breeding in the swine production265 (13.51)0.28Free range system266 (16.22)0.32[^2]

4. Discussion {#s0040}
=============

This present research detected a 7.02% (25∕356, IC95 4.8--10.16%) seroprevalence of toxoplasmosis among the studied swine through the MAT test. This value differs from the 24.6% previously found by another study ([@bb0135]) which sampled the same region and used the Direct Agglutination Test. During the last 30 years, the health status of the Brazilian swine herd has improved what consequently had an impact in prevalence rates of several diseases, like toxoplasmosis and resulted in the difference between both studies. Still, the different diagnostic technique used could also interfere in the results.

Correa et al. ([@bb0040]) and Vasconcelos et al. ([@bb0190]) respectively found 19.1% and 47% of toxoplasmosis infected swine in the State of São Paulo. However, this study\'s data agrees with Suaréz-Aranda et al. (2000) ([@bb0175]) who found 9.6% of prevalence out of 300 slaughtered pigs in the same region.

Dos Santos et al. ([@bb0140]) using the MAT as diagnostic test reported 17% prevalence in animals from extensive farms in the Midwestern region of the state, suggesting that it is more common to have higher prevalence values in such farms due to the poor sanitary condition in which the animals are reared. Thus, also using the MAT another research found a prevalence of 20.18% of positive serum samples among 550 swine serum from non-technified farms\' herds in Registro, state of São Paulo, Brazil ([@bb0125]). The data obtained in this study was similar to reported in developed countries, as North of Portugal (9.8%) ([@bb0100]).

Association between risk factors and the presence of the disease were detected in this study. A significant association was observed between variables "presence of food garden in the farm" and the occurrence of toxoplamosis. Another association noted was between the use of non-treated water in the food garden and the presence of the disease. Another research ([@bb0015]) reported a prevalence value of 65.8% and association between the disease and practices such as consumption of untreated water and greens by the animals. Contaminated water ends up contaminating vegetables when used to water food gardens, and since the use of raw vegetables from the own food garden to feed animals is a common practice in these non-technified farms, the association between those risk factors and the occurrence of the disease is quite clear.

Animals reared in free-range system have a higher risk of acquiring *T. gondii (*[@bb0195]*)*. Since the oocysts are commonly found contaminating the pasture, due to the use of non-treated water in irrigation or the rainwater flow that can carry the oocyst from one place to another. A very high prevalence of toxoplasmosis in pigs reared in free-range oranic system was recently reported in Italy ([@bb0010]).

Even though these animals are reared under poor health and biosecurity standards, their meat and meat products are consumed by the farmers or illegally sold to the local population. The presence of anti-*Toxoplasma gondii* in swine serum of extensive farms serves as an alert to public health authorities, since if the meat of such animals is consumed raw or undercooked it could transmit toxoplamosis to the population, posing a risk to public welfare and increased costs with treatment of the disease by the public health service.

The authors suggest that sanitary education measures should be applied to the regional farms in order to aware the health risks of toxoplasmosis and enhance basic health surveillance actions in extensive herds. Also, other control practices should be improved in these farms, such as avoid contact with contaminated food and water infected with oocysts controlling the presence of cats and rodents and vaccinations against tissue cyst formation, avoid informal slaughter and the use of heat-treatments (freezing and cooking) to consume pork ([@bb0085]). Rodents control appears to be the most effective sanitary practice to avoid toxoplasmosis infections in swines ([@bb0090]). Also, to avoid the presence of cats near areas where swine are reared or food is produced is necessary hue the high occurrence of this disease in this specie in some regions in Brazil ([@bb0115]).

Regarding the titer values found, when using either of the test the most frequent antibody titer was 64 IU (MAT 64% and IFA 75%), that was also significantly different than the other titers frequency. Low antibody titer is indicative of either chronic or recent infections, enabling us to state only that the tested animals were infected by *Toxoplasma gondii.* The presence of higher titers found (such as 1024 IU) is related to active or recent infections, consequently meaning that the agent is present in the region and potentially infecting and cause disease in pigs.

The IFA is the most commonly used assay for serological toxoplasma diagnosis in several animal species, however, in this study when compared to the MAT, both tests presented only fair agreement (*Kappa* coefficient: 0.5). Two other studies reported a high agreement between both MAT and the IFA (*Kappa* = 0.86) ([@bb0030]; [@bb0110]). Dubey et al. ([@bb0060]) presented a 82.9% sensitivity and 90.29% specificity for the MAT when compared to direct isolation of *T. gondii* from swine meat/tissues. On the other hand, the IFA presented a good performance when it comes to toxoplasmosis diagnosis in swine serum. When using the MAT as reference the IFA presented 80% de sensitivity and 91.54% specificity.

The same tests when used with other species\' samples presented a fair agreement. When comparing the IFA and the MAT using mice serum a *Kappa* coefficient of 0.55, was found when adopting a cutoff point of 50 IU ([@bb0035]); Silva et al. ([@bb0160]) found *Kappa* ranging from 0.59 to 0.84 when testing the IFA and the MAT with 16 IU, 64 IU and 256 IU titers in the serum of ewe, goats, cats and dogs. A sensitivity of 85% and specificity of 100% of IFA was reported ([@bb0065]) when comparing to MAT results in dog serum of the state of Roraima. Thus, another report showed 92% agreement between tests when examining 93 cats\' serum samples ([@bb0005]).

In this research, the MAT detected significantly higher titers than the IFAT for the same sample, like previous studies have shown. The highest titer obtained by the MAT was 1024 IU in five different samples, while only three samples of those samples had the same titer in the IFA, a fact explained by the different type of immunoglobulin detected by each test.

5. Conclusions {#s0045}
==============

Even though low toxoplasmosis prevalence was found at animal level (7.02%), this study associated common practices of non-technified farming with presence of the disease in swine herds. Both tests (IFA and MAT) presented satisfying performances in diagnosing toxoplasmosis with a moderate agreement of results. This paper results suggests that health education regarding toxoplasmosis prophylaxis are required to improve animal health and consequently food safety in this region.
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[^1]: *Kappa* agreement index (κ): 0.5.

[^2]: *P* value at 95% Confidence Level in Fisher\'s Exact Test.
